We study reheating in theories where inflation is completed by a first-order phase transition.
transition.
In these scenarios, We go on to discuss particle production due to quantum effects. These effects lead to the decay of the coherent scalar waves. In addition, they lead to direct particle production during bubble-wall collisions. We calculate particle production for colliding walls in both sine-Gordon and ¢4 theories and show that it is fax more efficient in the ¢4 case. The relevance of our work for recently proposed models of first-order inflation is discussed.
Introduction
In To find the field configuration in this region, we take the solution on the t = r = v/x 2 + y2 in these models (see also Section 5), though no detailed work has yet been done.
Particle Production
In order to reheat the Universe, the inflaton must couple to ordinary particles. This will allow the classical scalar waves described above to decay, eventually filling the Universe with a thermal bath at a temperature TRH. These couplings also lead to direct production of particles during collisions between walls.
In this section we discuss this direct particle production.
In particular, we consider production of fermions arising from interactions of the form £:1 -g1¢¢¢ and
where f has units of mass. £:1 is the typical Yukawa coupling of a scalar field to fermions. £2-type couplings arise if ¢ is a Goldstone (or pseudo-Goldstone) bosom In this case, the potential for ¢ is of the sine-Gordon (SG) type. As we will see, particle production in these two theories is dramatically different, though this is due as much to the peculiar properties of the SG walls as to the different form of the coupling between ¢ and 0.
Our philosophy is to treat ¢ (the bubbles or walls) as a classical, external field and the fermions as quantum fields in the presence of this source (see, for example, Ref.
[23]). In so doing we make no attempt to treat backreaction of particle production on the evolution of the walls.
As a first example, consider an infinite plane-symmetric domain wall. To keepthings simple we assumea model with degeneratevacuaso that a noninteracting wall will move with constant velocity. Sincethe result must be Lorentz-invariant, we can work in the rest frame of the wall. Clearly, in this frame P0 = 0 for all modes, so that p2 < 0 and there is no particle production.
Next, consider the head-on collision of two plane-symmetric walls. The walls can come from either ¢4 or SG theories. As we will see, the crucial difference between the two models is that _b4 walls scatter off one another while SG walls pass through one another.
In principle, the calculation should be straightforward. One starts with the field configuration describing a collision.
In the case of plane-symmetric walls moving in the z-direction, ¢(aT, t) = ¢(z, t). The next step is to calculate the Fourier transform. Here ¢(k,w) = (2_r)2_(k,)6(kv)¢(kz,w). The final step is to substitute into Eq.(5.7) and integrate over p. This will give the number of particles produced per unit area:
where k -kz. Evidently, we can produce particles up to energy 7m. If the bubble walls are highly relativistic when they collide, there will be the possibility of producing particles well above the mass of the inflaton.
Conclusions
It is relatively easy to find a cosmological scenario which inflates. 
